This paper presents evidence on the cost-effectiveness of early childhood education pathways in rural Indonesia. It documents the existence of substantial differences in school readiness between 6 to 9 year old children. Using detailed enrollment histories, it unpacks whether and how early education experiences explain these gaps. The analysis considers not only the sequence of services children enroll in, but also the age at which they enroll and the duration for which they enroll. The differences in primary school test scores between a child who has no early education exposure and a child who completes a full sequence at the developmentally appropriate age are 0.42 standard deviations in language and 0.43 standard deviations in mathematics, roughly equivalent to an additional 0.9 to 1.2 years of primary schooling. The paper analyzes the cost-effectiveness of various early education pathways in Indonesia to show that providing access to both playgroups and kindergartens to young children at developmentally appropriate ages can optimize public investments in early childhood education. The paper subjects the analysis to a variety of robustness checks, and concludes that children enrolled in play-based early education programs (playgroups) at age 3 or 4, followed by the country's more academically structured programs (kindergartens) at age 5 or 6, are more likely to be ready for primary school than children who do not follow this sequence. Compulsory pre-primary education policy should consider incorporating both playgroups and kindergartens.
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Introduction
International evidence shows that investing in high-quality early childhood programs can have large economic returns, especially for children from socially disadvantaged groups (Barnett 2011 , Engle et al. 2011 , Walker et al. 2011 , Yoshikawa et al. 2013 . In response, developing countries are looking to increase public investments in early education programs (World Bank 2016a) . One of the challenges faced by policy makers is deciding what to fund given the wide range of programs that exist in local settings. In order to invest smartly in early education programs, there is considerable interest in understanding how children's various early education experiences predict their success as they transition into primary school. 1 This understanding is particularly pertinent to on-going policy discussions in Indonesia regarding how best to prioritize investments in pre-primary education to meet the Sustainable Development Goals.
Much of the existing literature on early education in developing countries compares children who attended preschool to those who did not, or compares children who attended preschools with improved quality to those who attended non-improved preschools (Engle et al. 2011, Nores and Barnett 2010 , and the references cited therein). While these are valid comparisons in understanding whether a specific type of preschool is effective, such comparisons may not necessarily capture the reality of children's early educational experiences, which are often not as binary. We use rural Indonesia as an example to show that there is considerable heterogeneity in the sequence, timing, and duration of early childhood education participation among children and argue that these factors matter in predicting children's success in primary school.
We use a uniquely rich data set from Indonesia that allows us to link children's primary school test scores with their entire enrollment histories in early education programs. The data were collected in 2013 and sampled children in 310 poor villages in Indonesia as part of an evaluation of the Indonesia Early Childhood Education and Development project. We focus on test scores in language, mathematics and general cognitive skills of nearly 13,000 children ages 6 to 9. First, we explore the extent to which families self-select into different sequences, timing, and duration of early education programs. Second, we analyze how these different early education pathways correlate with primary school test scores. We show that children enrolled in play-based programs 1 In this paper, "early education" and "early childhood education and development (ECED)" are used interchangeably and refer to the broad range of site-based early learning programs from age 3 until entrance into primary school.
at age 3 and 4, followed by more academically structured programs at age 5 and 6 are more likely to succeed in primary school. Third, we describe children's test scores to demonstrate that substantial learning gaps already exist between the most disadvantaged and the less disadvantaged children in the beginning of primary school-even when comparing children within poor villages.
Finally, we estimate the cost-effectiveness associated with various early education pathways to show how returns to investments in early childhood education can vary considerably based on the sequence, timing, and duration of enrollment in early education programs. This paper is organized as follows. In the next section, we describe the literature on early grade assessments in developing countries and on early education sequence, timing, and duration. This is followed by an introduction to early childhood education in rural Indonesia. We describe the data in section 4, present descriptive evidence of gaps in test scores in section 5, and explain our empirical strategy in section 6. Results are presented in section 7 and estimates of costs associated with various early education pathways are presented in section 8. This is followed by a discussion of the findings and their policy implications.
Literature Review
In developing countries, considerable advances have been made to improve children's access to education, fostered by the Millennium Development Goal to achieve universal primary education. However, children are not adequately learning in schools (Pritchett 2013 ). An estimated 200 million primary school children in developing countries are struggling to read even basic words (UNICEF 2012) . Others have documented a "twin crisis" in access and learning in schools, whereby high dropout rates are observed in the early grades among children who receive poor quality education (Davidson and Hobbs 2013) . Given that education quality (as measured by cognitive skills) has a strong impact on individual earnings and on economic growth (Hanushek and Woessman 2012) , the lack of education quality in many education systems around the world has implications for poverty reduction.
Converging research supports the importance of ensuring that children acquire basic skills and competencies during the transitional years into primary school, which is defined as grades 1 to 3 (UNICEF 2012). One way to measure whether students are in fact learning these foundational skills and competencies is through early grade assessments. Many early grade assessments administered in developing countries do not collect information about children before 4 they entered primary school since such information is beyond the scope and purpose of these assessments. However, recent work in economics, education, and neuroscience shows that early childhood investments can have large persistent impacts on subsequent education and on later life outcomes (Cunha, Heckman and Schennach 2010, Sylva et al. 2010) . For example, results from the OECD's Programme for International Student Assessment (PISA) show that in countries across the world, participation in quality early childhood education is strongly associated with reading performance at age 15, even after controlling for children's socioeconomic backgrounds (OECD 2012) . As a result, linking early grade assessments with children's early education experiences can help researchers and policy makers better understand the factors that influence children's learning during the early years of primary school.
The vast majority of research from developing settings that links early childhood education experiences to children's primary school performance are evaluation studies.
Consequently, they compare children who attended preschools with those who never attended, or compare children who attended preschools with improved quality to those who attended nonimproved preschools (Engle et al. 2011, Nores and Barnett 2010 , and the references cited therein).
Such comparisons provide evidence for investing in high-quality preschools but they may not adequately capture the reality of many local settings where various types of early education services exist and where children enroll in different types of early education programs at different stages of development. In contexts like these, it is useful to compare different early education service experiences or pathways to understand how they predict children's transition into primary school and subsequent academic achievement. In one of the few studies that examine early childhood education type and children's early learning outcomes in a developing setting, Singh (2014) observes that in the State of Andhra Pradesh in India, enrollment in private preschools is associated with significantly higher test scores at the beginning of primary school relative to those in public preschools. The results highlight the role of preschool type in the emergence of test score gaps at school-entry.
Existing research typically does not take into account different types of early education pathways in predicting children's performance as they transition into primary school given that such data are often unavailable. Our study leverages a uniquely rich data set from rural Indonesia that links children's test scores in the first few years of primary school with detailed histories on their early education pathways. Moreover, we extend prior research by examining the sequence, timing, and duration of attending different types of early education as predictors of early grade learning.
Indonesia's early childhood education system
Over the last decade, the government of Indonesia has been implementing policies and programs to prioritize early childhood education and development (ECED). This has resulted in dramatic improvements in ECED enrollment, with the gross enrollment rate increasing from 24.1 percent to 54.4 percent between 2000 (World Bank 2016b . However, access to early education services has historically been unequal, with children from the poorest quintile having significantly lower enrollment rates than those from the wealthiest quintile (Alatas et al. 2013) . In response, the government of Indonesia launched an initiative which increased access to early education services in 3,000 poor villages in 50 districts throughout the country (Brinkman et al. 2015 , Hasan, Hyson and Chang 2013 .
Early childhood education in Indonesia consists of a variety of different programs that are overseen by different ministries. Despite the wide range of programs, two types of ECED programs are dominant: playgroups and kindergartens. The Ministry of Education and Culture regulates playgroups (kelompok bermain, KB), which are typically for children ages 3-4 and meet three days per week for three hours each day. Playgroups are characterized as play-based learning environments with a combination of both unstructured and structured play activities, typically facilitated by teachers who have nominal formal early childhood education training. Structured play activities generally include songs and dance, and exposure to paints/pencils and paper, and reading sessions where the teacher reads books to the children introducing them to books, letters and numbers. These community playgroups will often have anywhere between 10 and 40 children in some instances. In contrast, kindergartens are regulated by both the Ministry of Education and Culture (for taman kanak-kanak, TK) and the Ministry of Religious Affairs (for raudhotul atfal, RA). They typically cater to children ages 5-6 and meet five to six days a week for three hours each day. Compared to playgroups, kindergartens emphasize a more academic and structured approach to learning. In addition, the tuition fee for kindergartens is usually higher than playgroups.
Although playgroups and kindergartens are intended for specific age groups, these are not always adhered to and families often enroll their children in playgroups and/or kindergartens at various ages before entering primary school at age 7.
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Given this landscape, we hypothesize that above and beyond the type of ECED service attended, the sequence, timing, and duration of early education play a role in children's early grade learning. We define sequence as the order in which children enroll in different ECED programs.
For example, some children may enroll in playgroup then kindergarten before entering primary school, while others may only enroll in kindergarten before primary school. We define timing as the age at which children enroll in various programs. For example, some children may enroll in playgroup at ages 3-4 while other children may enroll at ages 5-6. We define duration as the length of enrollment in various ECED programs. This paper is particularly timely as the government considers policy options in support of the Sustainable Development Goals. At present, there is no empirical evidence showing what ECED sequence, timing, and duration are associated with better early learning outcomes in Indonesia. On the one hand, it is possible that children will benefit more from continued enrollment in playgroups instead of moving around from playgroup to kindergarten. This hypothesis is partially supported by the fact that research on dosage of early childhood education programs has shown that programs that last 1 to 3 years had average effect sizes of 0.3 S.D. while programs lasting less than 1 year had average effect sizes of 0.2 S.D. (Nores and Barnett 2010) . Conversely, it is plausible that attendance in playgroup followed by kindergarten will be associated with better early learning outcomes than attendance in playgroup only. This alternative hypothesis is supported by recent evidence from the United States showing that children who attended Head Start (a federal preschool program) at age 3 followed by Oklahoma Pre-K (a locally-funded preschool program) at age 4 exhibited stronger early reading skills than children who remained in Head Start at age 4 (Jenkins et al. 2016) . The authors posit that children who stayed in Head Start were less likely to receive variation in curricula and activities, while those who switched programs were more likely to benefit from new learning experiences, which are critical for early childhood development (Bronfenbrenner 1994) .
Thus, the objective of this paper is two-fold. First, it explores how the sequence, timing, and duration of early education predict children's performance in primary school. Second, it aims to describe how well children in rural Indonesia are acquiring initial skills in reading, mathematics, and general cognition. It is important to note that the focus of this paper is to document which early education pathways are prevalent among children in rural Indonesia and what children know in the early years of primary school. Our data do not allow us to make causal claims about the 7 links between early education pathways and children's primary school test scores. Our study contributes to the literature on early learning in developing countries by showing that even in rural settings various early education pathways exist and that these diverse early education experiences should be accounted for in understanding children's test score performance in the early years of primary school. This has implications as policy makers consider how best to optimize the allocation of scarce public resources.
Data and Measures

Data
We use data collected in 2013 as part of an evaluation of a government initiative to increase access to ECED services in rural Indonesia. The sample consists of children, families, and ECED facilities in 310 poor villages in Indonesia. The sample is not meant to be nationally representative of the population as a whole; however households in the sample are comparable to the rural sub-sample of Indonesia's nationally representative SUSENAS household survey (see Hasan, Hyson and Chang 2013) . Our study focuses on 12,976 children between the ages of 6 and 9 who were enrolled in primary school in 2013 and took an early grade assessment covering language, mathematics, and general cognitive skills. Of these children, we have complete detailed retrospective information on their ECED enrollment histories from 2008 for 12,949 children.
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Measures
Test scores
Children in the sample were given an early grade assessment that consisted of three sections: language, mathematics, and general cognitive skills. This early grade assessment was designed specifically for this work and is not a standard early grade assessment used in schools.
The language and mathematics items on the test were pooled from a battery of questions that align with the national curriculum for lower primary school grades. Thus, these two sections are meant 2 There are 27 children for whom we have missing data on early education pathways. They have been excluded from the analyses of this paper. Two versions of the test were administered: one for younger children ages 6 and 7, which had a total of 52 items and another one for older children ages 8 and 9, which had a total of 64 items. For both tests, the language section tested children's ability to recognize letters and words, match words to objects, and comprehend short reading passages. The mathematics section tested children's abilities to add, subtract, and order one to two digit numbers. The items based on Raven's Progressive Matrices were intended to measure children's general cognitive skills.
We calibrated the test score of children into a common scale using the 6 year-olds as the reference group. We used the mean and standard deviation of the 6 year-old group to normalize the test scores. The advantage of normalizing using the 6 year-olds as a reference group is the ease of interpretation, as we can understand the magnitude of increase in test scores associated with increase in age. The typical child in the sample scored 0.63 SD on language, 0.54 SD on mathematics and 0.28 SD on cognitive skills (see Table 1 ).
Early childhood histories ECED enrollment histories were collected by asking children's primary caregivers to retrospectively report the types of ECED service a child had ever been enrolled in (including "no ECED" as a type) and the number of months enrolled in each type of ECED during each academic year since [2008] [2009] . Based on this information, we generate a variable for ECED sequence, which denotes the sequence of ECED programs attended by each child in the sample. In addition, based on a child's age at the time of the survey in 2013, we are able to extrapolate the age of entry into ECED. We generate a variable that captures timing, which is the age of the child at the time of entry into each ECED service sequence. We also know the months of enrollment in each type of ECED service, which allows us to create a variable for duration. Duration was categorized into three groups: less than one year, between one and two years, and greater than or equal to two years. Table 1 presents the mean and standard deviation of each of these variables.
For ECED sequence, we find the largest category to be those who enrolled in kindergarten prior to primary school (35.2 percent). Next are children who did not participate in any ECED programs (19.6 percent), followed by those who enrolled in playgroup prior to primary 9 school (17.1 percent). 13.6 percent of children in the sample enrolled in playgroups followed by kindergarten before entering primary school. The rest (14.5 percent) did not enroll in playgroups or kindergartens but instead, enrolled in one of the other (less common) types of ECED programs.
For the timing variable, the most common ECED pathway was to enroll in kindergarten at age 5-6 before primary school (35.2 percent). 9.2 percent of the sample entered playgroup at age 3-4 before primary school and 7.9 percent enrolled in playgroup at age 5-6 before entering primary school. Among those who enrolled in both playgroup and kindergarten before starting primary school, the vast majority entered playgroup at age 3-4 then kindergarten at age 5-6 (12.4 percent of the sample). Only 1.2 percent of children entered playgroup at age 5 then kindergarten at age 6 before enrolling in primary school.
For ECED duration, we find the majority of children (71.0 percent) enrolled in playgroup for less than one year. 17.2 percent enrolled in playgroup for one to two years and only 11.7 percent enrolled for two years or more. In comparison to playgroup, the average duration of enrollment in kindergarten was slightly longer. 51.8 percent of children enrolled for less than one year, 26.5 percent enrolled between one and two years, and 21.8 percent enrolled for two years or more.
Child and Family Characteristics
In addition to primary school test scores and ECED enrollment histories, the survey included a questionnaire administered to the child's primary caregiver, which gathered extensive information on a range of child and household characteristics. The majority of children in the sample were either age 7 (29.1 percent) or age 8 (37.9 percent) and as a result, they were found in grade 1 (30.4 percent), grade 2 (36.5 percent) or grade 3 (26.1 percent) at the time of the survey.
Approximately half were girls (49.2 percent) and 17.9 percent of the sample were stunted. 10 parenting practices based on 24 items adapted from the Longitudinal Study of Australian Children (LSAC) (Zubrick et al. 2008) . The primary caregiver of each child was asked a range of questions about their parenting practices that reflect different levels of warmth, consistency, and hostility.
The resulting scores for parenting practices were standardized to have a mean of 0 and a standard deviation of 1.
ECED Characteristics
Lastly, our data also included ECED characteristics averaged at the village level. The Early Childhood Environment Rating Scale-Revised (ECERS-R) -a classroom assessment tool designed to measure the quality of early education through classroom observations -was applied to two ECED centers in each village (see Brinkman et al. 2016 for details of the ECERS-R in Indonesia). Similarly, our data included information on the average monthly fees of ECED services.
We used the monthly mandatory fee charged by the services directly to the families, which ranged from zero (free) to 67,500 Indonesian rupiahs, with an average of 10,779 Indonesian rupiahs. Only 303 villages out of 310 were sampled for ECED characteristics; as a result, we have missing observations for ECED characteristics for children in these 7 excluded villages. Table 2 documents the various enrollment patterns observed in the data and how they vary between children of different backgrounds. 39.7 percent of the children from the bottom quintile report having no ECED at all. This is in contrast to 10.5 percent of children from the top wealth quintile. 7.6 percent of children from the bottom quintile report having attended playgroup and then kindergarten before primary school. By comparison 22.7 percent of the top quintile follow this enrollment pattern. Enrolling in kindergarten before primary school is much more common among the top quintile -50.4 percent of this quintile does so -while only 28.3 percent of the bottom quintile does so.
Differences in enrollment patterns and gaps in test scores
As Table 3 documents, considerable disparities in test scores already exist in the early years of primary school between children who are socially disadvantaged compared to those who are less so -even among children living in poor villages in Indonesia. Children whose mothers had less than the mean years of education (7.7 years) scored between 0.372 standard deviations (in cognitive skills) to 0.404 standard deviations (in language) less than those whose mothers had more than the mean years of education. The test score gap is particularly striking between children in the bottom and top quintiles of the wealth distribution. Children in the top 20 percent of the wealth distribution scored significantly higher than those in the bottom 20 percent by 0.629 standard deviations (in cognitive skills) to 0.697 standard deviations (in language).
In order to interpret the magnitude of these test score gaps, we looked at the incremental increase in test score from one year of primary school in language and math. We focused on these two tests because they align with the curriculum in primary school and, as such, we would expect improvements in test scores as children progress through school. As shown in Table 3 , the test score gap between grade one and two was 0.596 standard deviations for language and 0.471 standard deviations for math. Between grade two and three, the test score increases were 0.341 and 0.251 standard deviations for language and math, respectively. Together, this suggests that on average, one year of primary school is associated with a 0.468 standard deviation increase in language and a 0.361 standard deviation increase in math.
Based on this assumption, the gap in test scores between those in the top wealth quintile and bottom wealth quintile is equivalent to 1.5 and 1.9 years of primary schooling. This suggests that even among poor, rural families in Indonesia, household wealth is strongly associated with children's early learning outcomes. Given that we observed substantial disparities in test scores within the first few years of primary school, we sought to understand how children's early education pathways may play a role in explaining these divergent outcomes.
Empirical Strategy
We began by estimating who selected into different ECED service pathways using a multinomial logistic regression where ECED sequence was regressed on ECED characteristics averaged at the village level (ECED quality and fees), family characteristics (household wealth, mother's education in years and parenting quality), child characteristics (age, gender, and stunting), and district fixed effects. Standard errors were clustered at the village level.
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Where represents the probability that a child will choose a particular pathway j.
There are 5 common pathways through which a child might progress through ECED -no ECED; playgroup then primary; kindergarten then primary; playgroup, then kindergarten then primary.
Other, less common, combinations are also possible.
The results for this regression are presented in Table 4a . Then, we re-estimated this multinomial logit using timing of ECED as the outcome (results in Table 4b ) and duration of ECED as the outcome (results in Table 4c ). In each of these analyses, we examined which family and individual characteristics strongly predict different early education pathways. We were also interested in how ECED quality and fees predict different early education pathways since families may make decisions about the sequence, timing, and duration of ECED participation based in part on the quality and cost of ECED services in their village.
Then, using a multivariate ordinary least squares regression for each primary school assessment, we estimated the impact of different early education pathways on the children's test scores:
where was the test score (language, math or cognitive skills) of child i in primary school living in village j and was a categorical variable indicating the child's ECED sequence. We also included the entire set of covariates presented in Table 1 , where was a vector of child characteristics (age, grade, gender, and stunting), was a vector of family characteristics (household wealth, mother's education, and parenting quality), was a vector of ECED characteristics averaged at the village level (ECED quality and fees) and was a vector of district fixed effects which was included as a dummy variable for each district excluding one as the base. Standard errors were clustered at the village level in the estimation. The results of this estimation are reported in Table 5a for each test: language, mathematics and cognitive skills.
Then, we re-estimated the above equation by replacing with , a categorical variable indicating the timing of entry into each ECED sequence (See table 5b for
Next, we re-estimated equation (3) by adding a vector of variables for the duration of enrollment ( in playgroups and kindergartens. In doing so we were not only interested in the magnitude and direction of the coefficients of but also in how the coefficients of changed (See Table 5c ):
(4)
In these analyses, we were interested in testing multiple pairwise comparisons for each type of ECED sequence or each type of ECED timing. In this analysis, we tried to mitigate why students went through different early education pathways using a rich set of information on individual and household characteristics. However, it is not possible to completely control for unobserved individual and family characteristics that may affect the early learning outcomes between children who went through different early education pathways. Thus, we were cautious about providing a causal interpretation of our estimates.
Results
First we examine the extent to which children (and their parents) self-select into various ECED pathways using the multinomial logit of equation 1. The results of the multinomial logit regression with exponentiated coefficients (relative risk ratios) are shown in Tables 4a, 4b, and 4c below. In each case our preferred outcome is the base scenario. A relative risk ratio greater than one indicates that as the value of the variable increases, the risk of the outcome falling into that category increases relative to the risk of the outcome being in the base category. Conversely, if the relative-risk ratio is smaller than one, the outcome is more likely to be in the base category.
For early education sequence (Table 4a ) and timing (Table 4b ), the base category was enrollment in playgroup followed by kindergarten. Thus, we interpret the exponentiated coefficients of each sequence relative to the coefficient for this referent category.
Among the child-level variables, we found that older children in the sample were consistently more likely to never enroll in ECED. Conversely, younger children were more likely to enroll in playgroup at age 3-4 then kindergarten at age 5-6. This was not surprising given that access to early education in villages was expanded by the Indonesian government from 2009, which meant that younger children were more likely to have had the opportunity to enroll in playgroups than older children. In addition, our results which take into account the child-level variables in Table 4b suggest that children who are stunted are less likely to enroll in any ECED or the full sequence of early education at the appropriate age. Compared to children who are not stunted, those who are stunted are 1.229 to 1.496 times more likely to enroll only in playgroups and 1.411 times more likely to enroll in playgroup at age 5 followed by kindergarten at age 6.
In addition, we found that household wealth and mother's education were both significant predictors of both early education sequence and timing. As household wealth increased, children were more likely to be enrolled in playgroup at age 3-4 then kindergarten at age 5-6 compared to other possible sequences. More importantly, mother's education was the only significant family-level variable that predicted enrollment in playgroup at age 5 followed by kindergarten at age 6 (relative risk ratio of 0.923). This means that children whose mothers have higher levels of education are more likely to enroll in playgroup and kindergarten at developmentally appropriate ages rather than enroll in playgroup followed by kindergarten at a later age -holding all other early education, family and child characteristics constant. Thus, mother's education is a key predictor in ensuring that children not only enroll in the full sequence of ECED but also enroll at the right time.
For both early education sequence and timing, the relative risk ratios for early education fees ranged from 0.173 to 0.303 which means that children living in villages that charge fees are less likely to be enrolled in only playgroup or kindergarten, and conversely, more likely to be enrolled in playgroup followed by kindergarten. This is an unexpected result since our estimation controlled for household wealth as well as ECED quality. In other words, if two children had the exact same household wealth and had access to ECED services of the same quality, the child living in a village that charged early education fees would still be more likely to enroll in the full sequence of ECED at developmentally appropriate ages (i.e., playgroup at age 3-4 then kindergarten at age 5-6) than the child living in a village that did not charge any fees. A possible explanation for this result is that the ECED fee variable is a village-level average. Villages that charge higher fees may be able to do so because they have stronger community-wide support for early childhood education, which in turn also promotes families to enroll their children in the full sequence of early education at the appropriate ages.
We hypothesized earlier that families make decisions about early education pathways based in part on the quality of the services in their village. We found support for this hypothesis in both the sequence and timing of enrollment in ECED services. For children in villages with high ECED quality, the relative risk ratios were statistically significant and consistently smaller than one, ranging from 0.358 to 0.490. This means that if a child were to move from a village with low ECED quality to high ECED quality, we would expect the child to be more likely to enroll in the full sequence of early education -playgroup at age 3-4 then kindergarten at age 5-6 -rather than 15 playgroups only or kindergartens only. Figure 1 illustrates these results, showing how the predicted probability of enrolling in various early education sequences and timing varies with quality and household wealth.
For duration (Table 4c ), one to two years of enrollment was the base category. We also found that age was a significant predictor of duration in early education. As age increased, children were more likely to have enrolled for less than one year of playgroup and less likely to have enrolled for two years or more of playgroup. This is consistent with the early childhood education landscape in rural Indonesia, where the government expanded access to early educationparticularly playgroups -since 2009, making younger children in the sample more likely to have had the opportunity to enroll in playgroups for longer. For duration in kindergarten, we found slightly different results. The relative risk ratios for age are 0.940 for less than one year of kindergarten and 0.890 for two years or more of kindergarten. This means that among younger children, there was an increasing proportion of children enrolling in kindergarten for two years or more (which is consistent with the results for playgroup duration) but also an increasing proportion of children enrolling in kindergarten for less than one year. This phenomenon can be partly explained by the rapid expansion of playgroups in rural Indonesia, which has resulted in some younger children enrolling in kindergarten for less time and replacing it with more time in playgroup.
For family level characteristics, we found that children whose mothers were more highly educated and had better parenting behavior were more likely to enroll in playgroup for at least two years (as shown by the relative risk ratio of 1.031 for mother's education and 1.108 for parenting quality). We found similar results for duration in kindergarten. A one year increase in a mothers' education was associated with a 1.054 times increase in the likelihood of the child enrolling in two or more years of kindergarten and a one standard deviation increase in parenting quality increased the chances of enrolling in kindergarten for at least two years by a factor of 1.139.
The results showed that as ECED quality increased from low to high, children were more likely to enroll in playgroup and in kindergarten for one to two years and less likely to enroll for less than one year. However, increasing ECED quality did not significantly increase the likelihood of children to enroll in playgroup or in kindergarten for two years or more. In terms of ECED fees, we found that as the amount of fees increased from none to more than 10,000 Indonesian rupiah per month, the likelihood of enrolling in early education for one to two years was significantly greater than enrolling for two years or more. Thus, our findings suggest that parents make decisions about how long to enroll their children in early education based in part on the characteristics of the services in their village. Families were more likely to enroll their children in early education for at least one academic year if the quality of the service was high. In addition, they were less likely to enroll their children in early education for two academic years or more if the monthly fee exceeded 10,000 Indonesian rupiahs.
Thus, our multinomial logistic regressions suggest that there is considerable selfselection into different early education pathways. First, children living in villages with higher quality ECEDs were significantly more likely to enroll in playgroup at age 3-4 followed by kindergarten at age 5-6, which was the ECED sequence and timing associated with better primary school achievement in language and math. Higher quality early education services were also associated with increased likelihood of enrollment for one to two years. Second, household wealth was a significant predictor of early education sequence and timing, even after controlling for the cost of ECED fees. Third, children whose mothers had higher levels of education were significantly more likely to enroll in playgroups and kindergarten at the intended age rather than delay their entry into playgroup and kindergarten. As a result, mother's education was also a significant predictor of enrolling in early education for at least two years. Finally, compared to older children in the sample, younger children were more likely to enroll in the full sequence of early education (playgroup then kindergarten), at developmentally appropriate ages, and for two years or more. This positive trend reflects the improvements made in recent years by the Indonesian government to expand access to early childhood education for children in the country.
Next we present the results of the relationship between early education pathways and test scores. These results are presented in Table 5a for sequence, Table 5b for timing, and Table 5c for timing and duration. In each of these tables, the dependent variable in column 1 is the score on the language test, in column 2 it is the score on the mathematics test and in column 3 it is the score on the cognitive skills section of the test. The pairwise comparisons between children who enrolled in different early education pathways are shown at the bottom of Tables 5a through 5c .
In playgroup. In interpreting these relative magnitudes, it is important to note that our analysis does not make any allowance for the fact that playgroups meet for half as many hours per week as kindergartens. Thus the point estimate for playgroups is likely an underestimate compared to that for kindergartens.
In Table 5b , we found evidence that in addition to sequence, the timing of entry into ECED was a significant predictor of primary school test scores. Children who enrolled in playgroup at age 3-4 then kindergarten at age 5-6 before entering primary school performed significantly higher in language and math compared to those who enrolled only in kindergarten at age 5-6. The magnitude of this difference was 0.180 standard deviations in language and 0.207 standard deviations in math, both slightly larger than the differences seen in Table 5a . This suggests that enrolling in early education services at developmentally appropriate ages can make a difference to children's subsequent learning outcomes. We find similar results for general cognitive skills, with a 0.0715 standard deviations difference between those who enrolled in playgroup at age 3-4 then kindergarten at age 5-6 and those who enrolled in kindergarten alone at age 5-6.
In Table 5c , we controlled for the duration of enrollment in playgroups and 18 kindergartens.
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For language test scores, we no longer found that children who enrolled in playgroup at age 3-4 then kindergarten at age 5-6 perform significantly better than their peers who only enrolled in kindergarten at age 5-6. In contrast, for math test scores, we continued to find that children who enrolled in a sequence of playgroup and kindergarten at developmentally appropriate ages yielded significantly higher test scores than their peers who enrolled in other early education pathways. It is worth noting that once we controlled for duration of ECED in Table 5c in addition to timing, the magnitude of the coefficient for playgroup at age 3-4 then kindergarten at age 5-6 dropped for all subjects (in the case of language the point estimate dropped from 0.418 to 0.277 and in the case of mathematics it dropped from 0.477 to 0.238 and in the case of cognitive skills from 0.205 to a statistically insignificant 0.0387). Meanwhile, the coefficients on duration of playgroup and kindergarten showed significantly higher test scores (on average) for those who enrolled for at least two years compared to those who only enrolled for one to two years (Table 5c shows that comparable point estimates for both language and mathematics). This suggests that over and above enrolling in ECED services in the right sequence at the intended ages, the duration of enrollment in playgroups and kindergartens is a significant predictor of children's subsequent learning outcomes in primary school.
We did not find significant results for general cognitive skills (table 5c ). The divergent results of the general cognitive skills compared to the language and math results may be explained by the fact that the items in the language and math assessments were pooled from a battery of questions that align with the national curriculum for lower primary school grades while the general cognitive items are based on the Raven's Colored Progressive Matrices. The matrices measure abstract reasoning and can be regarded as a non-verbal estimate of fluid intelligence. While we would have hoped that participation in ECED services would have shown enhancement of general cognitive skills, none of the programs included specific educational activities to enhance such skills, such as working memory games. Instead the ECED services in Indonesia exposed children to the basics of language and mathematical concepts to prepare them for primary school, in a manner aligned with the national early learning curriculum.
Overall, our analysis of early education pathways, as it relates to early grade learning,
shows that on average, children who enrolled in playgroup followed by kindergarten scored significantly higher in language and math tests in the early years of primary school compared to their peers who enrolled only in playgroup or kindergarten. In addition to the sequence of early education service participation, we found that the timing of entry into playgroups and kindergartens was an important predictor of children's subsequent learning outcomes. Children who enrolled in playgroup at age 3-4 followed by kindergarten at age 5-6 performed significantly higher in language and math tests in primary school than their peers who enrolled in other early education pathways. Finally, over and above the sequence and timing, we found that duration of early education was a significant predictor of children's math test scores in primary school, as those who enrolled in at least two years of playgroup and kindergarten scored significantly better than their peers who enrolled for shorter periods of time. 
Costs of various early education pathways
The Indonesian government is currently weighing alternatives for investing smartly in early childhood education to ensure that all young children enter primary school ready to learn.
In this section, we estimate the cost of various early education pathways to inform public resource allocation decisions for early childhood education in Indonesia. We do not have causal estimates of ECED pathways on primary school test scores. Thus we cannot calculate actual estimates of the different pathways. Despite this, we feel that our controls and robustness checks validate the presentation of these estimates as cost-effectiveness estimates. As a robustness check, we re-estimated the model in Table 5c using a sub-sample of children (N=2,874) for whom we have child development measures at age 4 using the Early Development Instrument (EDI). For this sub-group analysis, we included EDI scores at age 4 to control for children's early childhood developmental outcomes. We find similar results: compared to their peers who enrolled in other early education pathways, children who enrolled in playgroup at age 3-4 followed by kindergarten at age 5-6 performing significantly better in language and math tests in primary schools. The results of this sub-sample analysis are available upon request.
(NUPTK), which is the national teacher database (Ministry of Education and Culture 2012a). Costs
were calculated using the ingredients method (Levin and McEwan 2001) , which included personnel, facilities, equipment and materials, fees charged to families, and other operational costs of playgroups and kindergartens. In order to estimate annual costs per child, we assumed that the average center size is 31 children per kindergarten and 21 children per playgroup (Ministry of Education and Culture 2012b), and that the average student to teacher ratio was 15:1 in kindergarten and 11:1 in playgroups (as per the Indonesian minimum service standards). Based on these assumptions, we estimated total annual costs to be approximately 150.97 USD per child in playgroups and 256.25 USD per child in kindergartens.
We divided the effectiveness of each early education pathway by its cost to calculate indicative effectiveness-cost ratios. This meant that the more effective the early education pathway, the larger the effectiveness-cost ratio. The results are presented in Figure 2 , which includes 95 percent confidence intervals to take into account errors in the estimation of the effectiveness of various ECED pathways.
Our estimates are of two types -those that are statistically distinguishable from zero and hence cost effective and those that are not. Those pathways whose cost effectiveness is not distinguishable from zero have the following in common: they involve exposure to some playgroup or some kindergarten but not to both. The pathways that are positive and statistically distinguishable from zero have in common the fact that they are some combination of 1-2 years of playgroup with 1-2 years of kindergarten. These estimates range from 0.032 to 0.064 but cannot be distinguished from each other. Thus, our results show that enrolling in a combination of playgroup and kindergarten at developmentally appropriate ages is cost-effective. Focusing on providing access to both playgroups and kindergartens to young children at the appropriate ages can optimize public investments in early childhood education.
Discussion
As developing countries increase investments in early childhood education, one of the challenges faced by policy makers is deciding what to fund given the wide range of programs that 7 Note that this does not take into account that kindergartens meet for more hours per week. 21 exist in local settings. Our study examined this issue in the context of rural Indonesia, by first analyzing the extent to which families select into different early education pathways and then describing early learning outcomes and exploring how they associate with early education pathways. Finally, we estimated the cost-effectiveness of various pathways to shed light on how investments in early childhood education must take into account the sequence, timing, and duration of such programs.
The results of our study show that there is significant self-selection into different early education pathways. The predicted probability of enrolling in playgroup at age 3-4 and kindergarten at age 5-6 significantly increases with household wealth, mother's education, and availability of high quality ECED services. Such disparities in early education experiences by household characteristics raises the question of how the government of Indonesia can better allocate scarce resources to ensure that children from the most socially disadvantaged backgrounds have an equal chance at success in primary school. Cost-effectiveness analyses from our study suggest that providing a combination of playgroup at age 3 and/or 4 followed by kindergarten at age 5 and/or 6 may potentially be the most cost-effective pathway. This means that it is imperative that access to both playgroups and kindergartens are expanded in poor villages in Indonesia. More broadly, the results of this study highlight the importance of carefully considering how the sequence, timing and duration of different ECED programs support children's development in the early years when policy makers are faced with the challenge of deciding what type(s) of ECED programs to invest in.
Our findings clearly show that there are substantial disparities in early learning outcomes by early education sequence, timing, and duration. Children who enroll in playgroup at age 3-4 followed by kindergarten at age 5-6 scored significantly higher in language and mathematics in the beginning of primary school compared to peers who enrolled only in playgroup (either entering at age 3-4 or at age 5-6) and only in kindergarten (entering at age 5-6). This is consistent with a study from the United States that found that children who transition from one preschool program to another outperform children who remain in the same preschool program (Jenkins et al. 2016 ).
In the Indonesian context, the added marginal effect of enrolling in playgroup then kindergarten is likely due to the different curricula used in playgroups and kindergartens. Children in playgroups predominantly learn through play whereas kindergartens focus on more academic activities to prepare children for primary school. Neuroscience research has shown that secure 22 attachments and stimulation are significant aspects of brain development in the early years and play-based learning helps children develop their fine and gross motor skills, develop language and socialization skills, and become creative problem-solvers. Play not only enhances children's learning readiness but also can more generally help them adjust to school settings (Zigler, Singer and Bishop-Josef 2004) . Child development research has also shown that children's intellectual development is best supported when children receive increasingly complex, differentiated learning experiences (Bronfenbrenner 1994, Engel, Claessens and Finch 2013) .
However, playgroups in Indonesia were not designed to provide multiple years of unique, developmentally appropriate learning. They also meet less frequently than other types of services.
As a result, children who subsequently enroll in kindergarten are more likely to avoid redundancy in their learning experiences by having exposure to different, more academically focused curricula.
We caution against interpreting these results as support for solely academically-focused early education given that child development research shows that children who are exposed to playbased learning in the early years are significantly more likely to have positive socio-emotional development than children who are only exposed to academic preschools (Elkind 2008) . Instead, we interpret the results as evidence that early childhood education must support children's learning at various stages of development and in the context of Indonesia, this is most strongly supported when children enroll in a play-based early education setting (playgroup) followed by a more structured and increasingly academic-based environment (kindergarten) prior to primary school.
Given that current policy debates are centered around making a single year of preprimary education compulsory, these findings are timely.
It is important to discuss several limitations to our study. First, although our analysis controlled for a rich set of the household background and individual children's characteristics that should mitigate why students went through different early education pathways, our estimates may be biased if unobserved individual and family characteristics are responsible for the differences in early learning outcomes between children following different early education pathways. For example, parents particularly motivated by education might send their children to the full sequence of preprimary education at the correct timing, which would lead to positive bias in our estimates.
In analyses not shown in our results tables, we found that when we controlled for child, family and ECED characteristics, the magnitude of the coefficients on early childhood education pathways became smaller. This seems to indicate that unobserved child, family, and ECED characteristics 23 could potentially be upwardly biasing our estimates for early childhood education pathways. Second, we are not able to causally assess the mechanism through which the combination of playgroup at age 3-4 and kindergarten at age 5-6 may produce higher early learning scores.
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Further work also needs to investigate early education pathways in other developing countries to better understand the factors that determine the sequence and timing of enrollment more generally. Nonetheless, our results clearly show significant disparities in early learning outcomes by different early education pathways and we found evidence that children from the most socially disadvantaged backgrounds (i.e., low household wealth, low mother's education, lack of access to high quality ECED) were significantly less likely to receive adequate exposure to a combination of play-based learning and academic preparation to help them succeed in primary school. Yet it is precisely these very children for whom the effectiveness of this intervention is likely to be highest. This means that even if early education pathways themselves are not causing the observed gaps in early learning outcomes, the current ECED policy landscape is not leveling the playing field to ensure that children from the most socially disadvantaged backgrounds have an equal chance at performing well once they enter primary school.
Strictly speaking a third limitation is that we do not have baseline child developmental levels at age 3 prior to any ECED attendance across the full sample. As a result in the full sample we cannot rule out that children attending playgroup and/or kindergarten at 3 years of age were not already developmentally advanced in comparison to those who did not attend any service until age 4 or later. However, our robustness check using data on a sub-sample of children for whom we do have baseline child developmental levels suggests that this is not a major concern. Only grades 1, 2 and 3 are reported since the vast majority of children were enrolled in these three grades as shown in Table 1 .
ii Mean years of mother's education is 7.7 years for this sample (see Table 1 ). Only grades 1, 2 and 3 are reported since the vast majority of children were enrolled in these three grades as shown in Table 1. ii Mean years of mother's education is 7.7 years for this sample (see Table 1 ). Figure 1 . Predicted probability of ECED pathway by ECED quality and household wealth Note: Graphical representation of multinomial logistic regression output in Table 4b . Controlling for fees, family characteristics (household wealth, mother's education, and parenting practices) and child characteristics (age, gender, and stunting) with district fixed effects. Figure 2 . Indicative cost-effectiveness of various early education pathways Note: 95% confidence intervals. Test scores are the average math and language test scores of children measured at ages 6 through 9. Costs are assumed to be a total of 150.97 USD per child for one year of playgroup and 256.25 USD per child for one year of kindergarten. Test score improvements are based on the marginal effects of the timing variable in Table 5c . The tests administered to the children in this project followed a common-item design, whereby 39 common items (also known as anchor items or linking items) were included in both tests. We applied a two-parameter item response theory (IRT) model to look at these common items across all the examinees to assess the difficulty and discrimination of the test items. The 2 parameter logistic IRT approach models the probability that a test taker j with a given ability will correctly answer an item i as:
where exp is the exponential function, is the difficulty parameter, and is the discrimination parameter. The results of the IRT shows that each of the 39 common test items predict student's latent ability in language, mathematics, and general cognition (full results of the two-parameter IRT are in Table A1 ).
14 Moreover, the items range in difficulty and discrimination, making it an appropriate test to examine students of varying abilities. Overall, the language and mathematics sections were relatively easy while the section on general cognitive skills was relatively difficult. As shown in the test characteristic curve in Figure A1 below, a student with a mean ability ( =0) was expected to answer 7 out of 10 items correctly in the language section, 10 out of 15 correct in the mathematics section, and 5 out of 14 items on the general cognitive skills section.
Moreover, the test information function shows that the tests provide maximum information for examinees located at an ability level at the mean (for math and general cognitive skills) or slightly below the mean (for language). As the ability level moves away from the mean, the amount of information decreases and thus, the test estimates the corresponding ability levels with less precision (depicted by the increasing standard errors). For more details of the test information function, see Annex B. Taken together, the results of the IRT shows us that the tests (with the 39 common items) were well designed to measure the language, math, and general cognitive skills of children across the whole sample.
14 We did not use item response theory (IRT) to reweight our scores.
38 Figure A1 . Test characteristic curve (TCC) and test information function (TIF) of early grade assessment
Test Characteristic Curve Test Information Function
Note: TCC shows the expected score (number of correct items) of a mean ability student ( =0) among all examinees in the sample (age 6 to 9). TIF shows how well the test can estimate each ability level. In IRT, information refers to the reliability or precision of a test; the ability level where the information parameter peaks is the ability level at which the test provides maximum information. For equations and interpretation of information in IRT, see Annex B. Notes: The difficulty parameter (b) measures the difficulty of answering the item correctly. For a test of n items, "rank by difficulty" is 1 for the easiest item and n for the most difficult item. The discrimination parameter (a) measures the differential capability of an item (i.e., an item with a high discrimination parameter has a high ability to differentiate subjects' ability levels). For a test of n items, "rank by discrimination" is 1 for the least discriminatory item and n for the most discriminatory item.
Annex B. The test information function -equations and interpretation
In item response theory, information is defined as the reciprocal of the precision with which the ability parameter can be estimated (Baker 2001) . Specifically, under a two-parameter model, the information function for a test item is defined as:
where:
is the discrimination parameter for item i, is the ability level of interest, , and
The test information function at a given ability is simply the sum of the item information at that level, which is defined as:
where: is the amount of test information at an ability level of , is the amount of information for an item i at ability level , and N is the number of items in the test.
The test information function tells us how well each ability level is being estimated by the test. If the amount of information is large, an examinee whose ability is at the corresponding level is estimated with high precision. Conversely, if the amount of information is small, an examinee whose ability is at that corresponding level is estimated with low precision. Theoretically, a test that can precisely estimate ability across the entire ability range would yield a horizontal line at some large value of I across all ability levels. In reality, however, tests have varying degrees of precision in estimating different levels of ability (Baker 2001) . The test information function is particularly helpful when designing tests targeted at obtaining precise estimates of an ability at specified intervals. For example, if the purpose of a test was to identify remedial students, a test should comprise of items that allow it to provide more precise estimates of students at lower levels of ability (i.e., below the mean or 0).
